Editor's note: Each month, this department features a discussion of an unusual diagnosis. A description and images are presented, followed by the diagnosis and an explanation of how the diagnosis was determined. As always, your comments are welcome via email at pedann@Healio.com.
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Case Challenge
For diagnosis, see page 266 T hree brothers (Case 1, age 15 years; Case 2, age 11 years; and Case 3, age 9 years at last examination) presented to the orthopedics department for management of congenital joint contractures and other musculoskeletal abnormalities. Due to the presence of extra-skeletal anomalies, they were referred to the pediatrics department for subspecialty evaluation.
All three brothers were delivered at term with multiple contractures. They have had progressive orthopedic complications over the course of their lives (Table 1). The eldest required assistance for learning difficulties in reading and mathematics. Inguinal herniae were repaired in Cases 1 and 3. Case 3 also has asthma. They do not have any other medical problems. Family history is significant for one premature male sibling who died with idiopathic non-immune hydrops without contractures and two unaffected brothers. One maternal uncle had bilateral club feet and his twin (unknown zygosity) has a son with unilateral club foot.
The mother has mild hypertelorism but no other unusual features or orthopedic abnormalities. The ethnic background of the family is Chamarro (indigenous people of Guam/Mariana islands), and parental consanguinity was denied.
PHYSICAL EXAMINATION
All of the affected brothers have similar facial features, including broad nasal bridge, orbital hypertelorism, and long down-slanting palpebral fissures. Their palates are high and arched with dental crowding. Case 2 has a bifid uvula. Case 3 has mild dolichocephaly. Their ears are not crumpled. Similar contractures of the fingers with adducted thumbs were noted in all three brothers, with variable arachnodactyly, camptodactyly, and ulnar deviation at wrist. They had contractures of the toes with variable talipes. All have a sternal deformity. Cases 1 and 2 developed scoliosis requiring treatment.
The remainders of their physical examinations, including vital signs, cardiovascular, respiratory, abdominal, genital, and neurological examination, were normal. The salient features of all three siblings are described in Table 1 and shown in Figure 1 .
HOSPITAL COURSE
The definitive diagnosis could not be established at the time of first presentation in 2001. Case 1 died of aortic dissection at the age of 17 years, approximately 2 years after his last visit. The surviving brothers presented for surgical repair of spine (Case 2) and knee (Case 3). Echocardiograms were performed due to family history and for preoperative evaluation. Aortic root measurements of 3.38 cm (z score 2.24, Case 2) and 3.42 cm (z score 3.75 to 4.31, Case 3) were documented. Both also had a small patent ductus arteriosus with otherwise normal cardiac function. Both were started on oral atenolol and scheduled for periodic echocardiographic screening to monitor aortic dimensions with calculation of standardized z scores. Detailed imaging of the entire vascular tree was recommended.
Case Challenge Diagnosis:
Loeys-Dietz Syndrome
Given the involvement of the arterial system in the setting of skeletal abnormalities and typical facial features, the differential diagnoses considered were Loeys-Dietz syndrome (LDS), Marfan syndrome, Ehlers-Danlos syndrome (EDS, especially the vascular and clubfoot-adducted thumbs subtypes), Shprintzen-Goldberg syndrome (SGS), and congenital contractural arachnodactyly (Beals syndrome).
Diagnosis of LDS was established based on the identification of a novel mutation denoted c.827T>A (Val267Asp) in the gene TGFBR2 (transforming growth factor beta receptor 2) in Cases 2, 3, and the mother. TGFBR1 sequencing was normal. Pathogenicity of the mutation is suspected based on familial segregation, the highly conserved amino acid position, and elevated serum TGF beta. The levels were 14,205 pg/mL (Case 2) with reference range (RR) 3,465 to 13,889 pg/mL and 11,888 pg/mL (Case 3) with RR 463 to 5,423 pg/mL. Case 1 died before he could be tested.
DISCUSSION
LDS is a recently described condition, and it is important that physicians be able to recognize its features and differentiate it from other similar conditions to prevent potentially life-threatening cardiovascular complications.
LDS was first described by Loeys et al. 1 in 2005. It is an autosomal dominant connective tissue disorder caused by heterozygous mutation in the genes TGFBR1 or TGFBR2.
Collagen fibers are important structural elements of the blood vessels and are also found in skeletal tissues including cartilage, bone, muscle, ligament, tendon, and skin. Structural integrity and extensive cross-linking of collagen is important to provide mechanical strength to these tissues that bear high stress. When the collagen assembly is disrupted, it leads to aneurysm formation in the blood vessels and musculoskeletal dysplasia. 2, 3 LDS is a connective tissue disorder and is classified into types 1 and 2 based on clinical features, although there is a significant overlap between the two types and no genotype-phenotype correlation. Type 1 LDS is characterized by craniofacial features, skeletal abnormalities, and aortic aneurysm.
Typical craniofacial features include 4, 5 LDS is associated with significant morbidity and mortality. In a study of 90 patients, the median survival rate was 37 years and mean age of death was 26 years. 4 In the same study, mean age of death was 22.6 years in type 1 and 31.8 years in type 2. In both groups, the leading cause of death was thoracic aortic dissection, followed by abdominal aortic dissection in both types, with a third cause being cerebral hemorrhage in type 1 and subclavian artery dissection in type 2. 4 In one study, aortic root aneurysm was found on magnetic resonance angiogram (MRA) or three-dimensional computed tomography (CT), a finding that, according to authors, might have been missed on routine echocardiography. 4 Another study revealed generalized arterial involvement by multi-detector computed tomography (MDCT) angiography. 5 The arteries involved were internal carotid, vertebral, pulmonary, coronary, superior and inferior mesenteric, celiac, renal, and popliteal. 5 These studies suggest that patients with LDS should undergo more sensitive imaging modalities (eg, MRA or MDCT angiography) of the entire vascular tree and that serial imaging is important to monitor progression.
Medical management recommended by some authors for vascular aneurysm includes beta-blockade therapy, exercise restrictions, and frequent cardiovascular imaging, which is based on the pathological similarity of LDS to Marfan syndrome. 4 It is critical to differentiate LDS from these other conditions (eg, Marfan syndrome, EDS) in differential diagnosis because of different surgical indications and prognosis. Aneurysm in LDS has a tendency to rupture earlier and at smaller dimensions than in Marfan syndrome. LDS has a better surgical prognosis than vascular EDS because of less friability of the tissue. Therefore, the threshold for surgery in patients with LDS is lower than Marfan syndrome and vascular EDS. Most of the conditions in the differential diagnosis are autosomal dominant. The diagnosis of Marfan syndrome is based on major and minor clinical diagnostic criteria known as Ghent nosology. 6 Similarly, vascular EDS, Beals syndrome, and SGS are differentiated by clinical features. 3, 6 Molecular testing is available for all of these conditions and is useful when there are significant overlapping features, for early diagnosis in young children or other family members, and for prenatal diagnosis. LDS exists as a clinical spectrum, and similar to other autosomal dominant conditions, there may be significant intra-and interfamilial variability. In this family, the most consistent presenting feature was congenital digital contractures, with adducted thumbs in each case. Other skeletal, cutaneous, and cardiovascular features evolved over time but the diagnosis was not recognized until after catastrophic aortic dissection in the eldest boy. Autosomal recessive or Xlinked conditions were first considered due to the restricted ethnic background and apparently unaffected parents. After molecular diagnosis showed that the mother is also heterozygous for the mutation, she is presumed to be at risk for vascular complications. She has very subtle hypertelorism with no other symptoms. She cannot be presumed to be nonpenetrant because investigation of her vascular tree has not been possible thus far. Further family studies, especially of other individuals with congenital talipes equinovarus, have not been possible.
CONCLUSION
This case illustrates the importance of considering LDS in the differential diagnosis of congenital digital contractures, as nonskeletal features may not be present or obvious for some time and the family history may be complex. An early diagnosis of LDS allows for proper screening and treatment of significant cardiovascular complications. Serial echocardiography and wholebody screening with MRA or MDCT is recommended in addition to medical management and elective surgical treatment when necessary. It is also important to differentiate from other connective tissue disorders presenting with vascular aneurysm, because prognosis and surgical indications are dependent on the diagnosis. Molecular diagnosis can be helpful in making an accurate diagnosis and can be used for identifying affected family members.
